The extraction behavior of several divalent metal cations (M 2+ ) in ionic liquid chelate extraction systems was investigated using several 1-alkyl-3-methylimidazolium bis(trifluoromethanesulfonyl)imide ionic liquids ([Rmim][Tf2N]) as extraction solvent and thenoyltrifluoroacetone (Htta) as extractant. The behavior was compared with that using less hydrophobic 1-alkyl-3-methylimidazolium hexafluorophosphates ([Rmim][PF6]). The extracted species in the [Rmim][Tf2N] systems were neutral M(tta)2 for M = Cu and anionic M(tta)3 -for M = Mn, Co, Ni, Zn and Cd. Conversion of ionic liquid anion from PF6 -to more hydrophobic Tf2N -resulted in changing the species extracted for Ni 2+ from hydrated neutral complex to hydrophobic anionic one. Furthermore, the extractability for these metals was governed by the hydrophobicity of ionic liquid ions. Thus, in the ionic liquid chelate extraction system, selection of a suitable ionic liquid as extraction phase seems to be an important factor for enhancement of extraction selectivity.
Introduction
Ionic liquids (ILs) are organic salts having melting points near to or under room temperature. They have attracted much interest as novel solvents. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Some water-immiscible ILs can be used as extraction solvents for liquid-liquid extraction of metal cations. Unlike conventional extraction solvents such as hydrocarbons, ketones, ethers and alcohols, the ionic nature of ILs results in some unique properties, such as high polarity. 6 Therefore, the development of novel IL solvent extraction methods for metals is desirable.
Many researchers have reported on the IL solvent extraction of metal cations, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] and several reviews concerning the method have been published. [35] [36] [37] [38] In the use of an IL as an extraction solvent, however, the recovery of the extracted metals is a serious problem because the IL phase cannot be evaporated. Use of an anionic (Brønsted acid-type) chelating agent as extractant [28] [29] [30] [31] [32] [33] [34] is a favorable choice to achieve the recovery by back-extraction. Indeed, in this "ionic liquid chelate extraction system", the extracted metals were recovered quantitatively by back-extraction using simple acid aqueous solutions. [30] [31] [32] In the IL chelate extraction system, metal cations seem to be extracted not only as neutral species [29] [30] [31] [32] but also as ionic ones by ion-exchange with the IL ions. [30] [31] [32] [33] In other words, it is expected that precise control concerning these different extraction mechanisms can result in enhancement of mutual extractive separation between metals. In our previous study using several 1-alkyl-3- Although almost all studies on the IL chelate extraction system were performed using the PF6-type ILs, [28] [29] [30] [31] [32] these ILs are often hydrolyzed with acids to produce harmful hydrogen fluoride. 39 40 Other chemicals used were of analytical or guaranteed reagent-grade, and were used without further purification. Distilled deionized water was used throughout.
Apparatus
A Hitachi Model Z-6100 polarized Zeeman atomic absorption spectrophotometer was used for the determination of the concentration of a metal in aqueous solutions. A Horiba Model F-52 pH meter equipped with a Horiba 9611-10D combined glass electrode was used to determine the pH value.
Distribution of the metals
In a centrifuge tube, an aliquot ( . After the two phases were separated by centrifugation, the pH and the metal concentration in the aqueous phase were determined. The metal concentration in the IL phase was determined after back-extraction into a 10-fold volume of 1 mol dm -3 nitric acid. The extraction percent (%E) of the metal was calculated as 100 ¥(extracted amount of the metal)/(initial amount of the metal in the aqueous phase) and the distribution ratio (D) was calculated as (total metal concentration in the extraction phase)/(total metal concentration in the aqueous phase). 
Results and Discussion

Composition of the extracted species
As mentioned in Introduction, M 2+ can be extracted into the IL phase not only as neutral species but also as cationic or anionic ones. Thus, when M 2+ forms a complex with mHtta molecules and is extracted with release of n protons, the following extraction equilibria can be considered:
(i) Cationic species (n < 2):
(ii) Neutral species (n = 2):
(iii) Anionic species (n > 2):
where subscript (e) refers to the extraction phase.
To determine m and n values, we studied the relationships between log D and the Htta concentration at a fixed pH that between log D versus equilibrated pH at a fixed Htta concentration. The plots for Co 2+ It is well known that hydrophobic ILs have higher ability of dissolving water than conventional hydrophobic organic solvents. 41 Therefore, the extracted Cu(tta)2 in an IL phase seemed to be hydrated (probably, as monohydrated Cu(tta)2(H2O)). 30 These facts suggest that the 1-alkyl chain length of Rmim + of IL phase affects the extractability of these metals as anionic M(tta)3 -. As mentioned in a previous study, 30 the M(tta)3 -is hydrophobic and the use of more hydrophobic Rmim + cation is more effective for the extraction of the M(tta)3 -. On the contrary, the extraction of M(tta)3 -is based on the anion-exchange with the IL anion, as shown in Eq. (6) As mentioned above, conversion of IL anion in extraction phase from PF6 -to Tf2N -resulted in a change of the extracted species for Ni 2+ from neutral hydrated Ni(tta)2 to anionic hydrophobic Ni(tta)3 -. This result means that selection of IL as extraction phase contributes to selection of superior extraction mechanism. Furthermore, not only conversions of IL cation but also those of IL anion resulted in shift of the log Kex and log Kex¢ values based on different hydrophobicity for the ions. From these facts, we concluded that, in the IL chelate extraction system, the selection of IL is an important factor to control 
